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INTRODUCTION
Environmental damages due to anthropic activ-
ity is not a recent experience, though, it is disturbing 
because of its extreme growth in short periods of time 
in the last decades. Since the late 1960s and early 
1970s natural scientists pointed out the apparent limits 
of the Earth’s resources facing the growth of human 
population (Byrne, 1997; Knapen et al., 2004; Hubacek 
& Mauerhofer, 2008). In the 20th century, high quanti-
ties of pollutants have been generated every year, 
for example, organic compounds like polychlorinated 
biphenyls (PCB), organochlorine pesticides, polycyclic 
aromatic hydrocarbons (PAH) and aliphatic hydrocar-
bons. These substances have been released into the 
environment (van der Oost et al., 2003), and the aquat-
ic ecosystems are final destinations of most of them 
(Ohe et al., 2004). Some studies have demonstrated 
toxic and genotoxic effects on living organisms, mainly 
metals and polycyclic aromatic hydrocarbons (Zhong et 
al., 1995; Song et al., 2006). PAH sources are diverse 
and presented in diverse matrices (Banjoo & Nelson 
2005; Bicego et al., 2006). On the other hand, metals in 
sediments can affect water quality, bioassimilation and 
bioaccumulation in aquatic organisms (Ip et al., 2007). 
The metals sources are mainly due to anthropogenic 
activities (Dalman et al., 2006). 
Anthropogenic pollutants cause adverse effects 
in the aquatic organisms, and the biomarkers have 
been applied to predict the adverse effects on different 
organisms (van der Oost et al., 2003). For evaluation 
of mutagenic effects some biomarkers could be used, 
including the micronucleus assay, comet assay, and 
others (Al-Sabti & Metcalfe, 1995). The micronucleus 
test is a relatively simple, reliable and sensitive to toxic 
effects of chemicals; it has been used to evaluate the 
effects of mutagenic compounds in different environ-
ments (Hayashi et al., 1998). The micronucleus are 
small chromatin fragments which arise as a result 
of chromosome breaks after clastogenic action or 
whole chromosomes that do not migrate during the 
anaphase as a result of aneugenic affects (Çavas 
& Ergene-Gözükara, 2003). The goal of the present 
study was to evaluate the mutagenic effects in gill cells 
of Bathygobius soporator from polluted urban coastal 
environment of Salvador (Bahia).
MATERIAL AND METHODS
Study area
The study was performed in tidal pools of coastal 
environments of Salvador (Bahia, Brazil). A map of 
the sampling points is shown in Figure 1. Todos os 
Santos Bay is the second largest in Brazil, with an 
area of approximately 1 000km2. After the 1950s the 
surroundings of Todos os Santos Bay started to be 
strongly developed, starting with the construction of 
the Mataripe Refinery Plant. The decade of 1960s 
was known as the most intense industrialization period 
within the Todos os Santos Bay. Nearly 200 industries 
were established in the surroundings of the Todos os 
Santos Bay since then, including metallurgic, textile, 
and chemical plants. Population growth of the metro-
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politan region of Salvador was a result of this industrial 
development (Porte et al., 1990; Peso-Aguiar et al., 
2000; Venturini et al., 2004; Venturini & Tomasi, 2004).
Fish micronucleus test
Frillfin goby (Bathygobius soporator) were 
caught in sample point 1 (n=20) in January 2006, and 
were acclimatized in the laboratory in an aquarium 
(72L) for 90 days, with reconstituted saltwater (30PSU), 
at 30±3oC. Fish were fed commercially available ar-
tificial diet (Tetra Marine) once a day. After this, the 
peripheral blood of gills (n=10) were obtained before 
any treatment (negative control), and the micronucleus 
test was performed following the method described 
below, and on the fifth day after the intraperitoneal in-
jection of cyclophosphamide (positive control) (Merck, 
4% sodium chloride solution), as described in Grisolia 
& Starling (2001). 
On May 2007, specimens of the frillfin goby 
(n=20), were randomly sampled in ten sampling points 
(P1-P10) of coastal environment of Salvador (Bahia), 
using 500ml polyethylene terephthalate (PET) bottle 
traps. Specimens sampling was carried out in the 
tidal pools of Salvador city, during low tide. After then, 
species were immediately transported to the labora-
tory. The fish seemed healthy, and the blood cells 
were collected immediately for ethical reasons it is 
absolutely necessary to minimize the pain and suffer 
of animal testing, and after they were returned to their 
habitat just after blood sampling. Erythrocytes were 
individually analyzed from ten of the twenty organisms 
randomly collected (n=10; 3 000 erythrocytes/fish) for 
each sampling points, using a Zeiss microscope (1000 
X magnification) (Metcalfe, 1988). Slides were fixed 
and stained according to Çavas et al. (2005). All the 
small inclusions of the nuclear material on erythrocytes 
cytoplasm, with size ranging from 1/3 to 1/20 of the 
main nucleus (Figure 2), were considered as micronu-
clei, criteria for micronuclei identification (see: Al-Sabti 
& Metcalfe, 1995; Çavas et al., 2005). 
Water temperature was measured in the field 
while the fish were collected for each site. Water sam-
ples were also collected (n=10) in Falcon tubes and 
transported to the laboratory to immediately measure 
physico-chemical parameters such as dissolved oxy-
gen, salinity and pH. Dissolved oxygen was measured 
using an oximeter (LT Lutron, DO-5510), salinity was 
measured with a salinometer (Atago, S/Mill) and pH 
was measured with a potentiometer (Misura Line, 
ML 1010). Surface sediment samples (5cm deep) 
were collected in the intertidal zone, as described by 
Bicego et al. (2006). Surface sediments were kept in 
aluminium containers for the hydrocarbons polycyclic 
aromatics (PAH) analysis. For metals analysis, the 
sediment collected was stored in plastic bags, which 
were transported immediately to the laboratory in a 
styrofoam box.
Sixteen PAH included in the Environmental 
Protection Agency’s (EPA) priority pollutant list were 
analyzed using gas chromatography–mass spectrom-
etry (CG/MS-Varian, Saturn 2200). Method 8270D (US 
EPA) was used for extraction of metals. Metals in sedi-
ments were analysed after the extraction with LEM-08 
EPA 3051 method (US EPA), digested in a microwave 
oven (Provecto, DGT 100 Plus) after filtered in qualita-
tive filter, following the D5258-92 method (ASTM, 1992) 
and an Atomic absorption Spectrophotometer (Varian, 
SpectrAA 220 FS) was used to determine the concen-
trations of Cr, Mn, Cd, Pb, Hg and Zn in the sediment. 
Merck standards were used to calibration curve, as well 
as ten white solutions to calculate the analytical detec-
tion limit (DL). Detection limits (DL) for the selected 
Figure 1 - Salvador city (Bahia, Brazil), sampling points and streams.
Figure 2 - The erythrocyte of B. soporator with the micronucleus 
indicated by an arrow.
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metals were: Zn (2.76mg.kg-1), Mn (7.28mg.kg-1), Cr 
(6.07mg.kg-1), Cd (0.89mg.kg-1), Pb (10.05mg.kg-1) and 
Hg (0.001µg.kg-1) and PAH (10µg.kg-1). 
A non-parametric analysies of variance (Kruskal-
Wallis) was used to compare MN and controls. The 
normality and homogeneity were verifying using the of 
Kolmogorov-Smirnov and Bartlet tests, respectively. A 
posteriori pairwise multiple comparisons (Dunn´s tests, 
P < 0.05) were employed. Then, the principal compo-
nent analysis (PCA) was performed with STATISTICA 
7.0. Principal component analysis (PCA) is a technique 
for mapping multidimensional data into lower dimen-
sions with minimal loss of information (Kramer, 1991).
The first PC accounted for almost all of the variance 
(70.56%) and was used with a Pearson’s correlation 
coefficient between the first PC and micronucleus 
frequency of sampling points.
RESULTS
Frequency of micronucleus is presented in 
Figure 3. Frequency of micronucleus was signifi-
cantly higher than the negative control (KW1-10=3.99, 
P=0.00013) in all the sampling points, except for 
P3, P5 and P9, but higher than the positive control 
(KW1-10=2.99, P < 0.0012) only for P1 and P10. 
The first PC (70,56%) accounts for almost all of 
the variance (Figure 4). Therefore, Pearson’s correla-
tion coefficient between the first PC and micronucleus 
frequency of sample points (P1-P10) was significant 
(correlation test; r=-0.704, P=0.023).
Selected water quality parameters from sam-
pling points are given in Tables 1. Water temperature 
ranged from 26.7 (P5) and 32oC (P2), pH ranged 
from 7.69 (P10) and 8.39 (P5), while salinity ranged 
from 17.1 (P9) to 36.3 (P3 and P9). Dissolved oxygen 
ranged from 3.09 (P10) and 8.53mg/L (P5). 
The concentrations of metals in the marine 
sediments are given in Table 2. The concentrations 
of Cd and Cr metals were below the analytical detec-
tion limit (<DL) in the sediments of all sample points. 
Manganese concentrations varied at below the 
analytical detection limit (<DL) to 95.38mg.kg-1 (P6). 
Elevated Pb (31.28mg.kg-1) and Hg (29.46µg.kg-1) 
concentrations were observed at sample points P10. 
On the other hand, Zn concentrations were below the 
analytical detection limit at sampling points P1 and 
P2, and concentrations ranged from 2.8 to 7.45mg.
kg-1 (P3-P10).
PAH were below the analytical detection limit 
at all sampling points, except for the P9, that showed 
lower concentrations of fenantrene (17.76µg.kg-1), 
fluoranthene (60.17µg.kg-1), pyrene (43.59µg.kg-1), 
benzo(a)anthracene (29.51µg.kg-1), crysene (27.55µg.
kg-1), benzo(b)fluoranthene (14.19µg.kg-1), benzo(a)
pyrene (12.01µg.kg-1) and indenol(1,2,3-cd)pyrene 
(11.19µg.kg-1).
DISCUSSION
In the present study significant correlations 
were found between the first PC of PCA analysis of 
sediments metals and micronucleus frequencies of 
sampling points from urban coastal marine areas. 
This correlation means that the sampling points in the 
Todos os Santos Bay were more polluted with metals 
and showed more mutagenic effects in the erythrocytes 
cells of the marine fish B. soporator.
The possibly higher concentration of metals 
found at the sampling points P3-P10 is because of 
the wide use of metals in industry and their presence 
in emissions from urban centres from Salvador city. 
Historically, the most intense industrialization period 
of the Todos os Santos Bay (1950s), started with the 
construction of the Mataripe Refinery Plant, and since 
Figure 3 - The frequency of micronuclei in 1000 erythrocytes cells of B. soporator. CN: negative control; CP: positive control; P (1-10) 
sampling points (α = 0.05); a significant difference (P < 0.05; Anova one-way) compared to the negative control and b compared with the 
positive control.
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then nearly 200 industries were established surrounds 
of the bay. During the early 1970’s a chlor-alkali plant 
was settled nearly of sampling points P9-P10 and pro-
duced discharges loaded with some 900 kg mercury 
year-1 (Wasserman & Queiroz, 2004). This was an 
important source of pollutants discharge in the aquatic 
ecosystems of Salvador city.
The micronucleus frequencies at sampling 
points P6-P8 and P10 were higher than negative 
control. The sampling point P6 that presented higher 
concentration of metals like Mn, Hg and Zn, is located 
near to a small stream that load municipal wastewaters 
directly to the beach and near too to the submarine em-
issary that discharge untreated municipal wastewater 
from Salvador city. These discharges are the sources 
of metals in the sediment of the coastal environment 
of Salvador city. Some authors have demonstrated the 
genotoxic effect of the exposition to metals on fish, 
such as induction of micronuclei and binuclear cells 
from Cr, Cu and Cd in Carassius gibelio and Cyprinus 
carpio (Çavas et al., 2005). Contamination of Hg re-
lated to the gold mining from the Madeira River induced 
micronucleus in Prochilodus nigricans, Mylossoma 
duriventris and Hoplias malabaricus (Porto et al., 
2004). The frequencies of micronuclei in trout hepatic 
cells in vitro were elevated in Oncorhynchus mykiss 
exposed to Hg, Cd and Cu (Al-Sabti, 1995) and Cd and 
Cu induced micronuclei of fin cells in Carassius gibelio, 
Cyprinus carpio and Tilapia mossambica (Arkhipchuk 
& Garango, 2005).
 However, other studies showed conflicting re-
sults as follow. Both Cd and Hg induced micronuclei 
in eels (Anguilla anguilla) when injected, but there 
was no significant effect of Zn and Cu.  Ferraro et al. 
(2004) did not observe the effect in H. malabaricus 
exposed to Pb, and Ayllon & Garcia-Vazquez (2000) 
did not observe significant differences in Phoxinus 
phoxinus and Poecilia latipinna exposed to Cd and 
Hg. The elevate number of micronuclei in blood cells 
of the marine fish in the sampling points more pol-
luted with metals indicated chromosome breaks after 
clastogenic action or whole chromosomes that do not 
migrate during the anaphase as a result of aneugenic 
affects. Studies showed that metals such as Pb, Hg, 
Table 1 - Mean ± SD of temperature, salinity, dissolved oxygen, and pH of the water from tidal pools of Salvador-Ba, May 2007.
Figure 4 - Principal components analysis of metals showing the two first axis.
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Cr and Cd are presumed to be related to damages on 
DNA causing rupture of the double helix, single strand 
breaks, oxidative damages, mutations, chromosomal 
aberrations, formation of DNA adducts, effects on the 
DNA repair mechanism and polymerization inhibition 
of the actin filaments during cell’s division (Ferraro et 
al., 2004; Çavas et al., 2005; Porto et al., 2005). 
Some studies have showed hydrocarbons 
polycyclic aromatics (HPA) in the sediment of Todos 
os Santos Bay (Porte et al., 1990; Venturini & Tomasi, 
2004; Martins et al., 2005), despite of the lower concen-
tration (<DL) of HPA in the urban coastal sediment of 
almost sampling points showed in this work. Despite of 
the lower concentration of HPA in the sediment of this 
study, authors have also demonstrated the genotoxic 
effect of PAH in Anguilla anguilla (Pacheco & Santos, 
2002), and in rat splenn erythrocytes (Zhong et al., 
2005). PAH and its metabolites, in the organisms, 
might form adducts like DNA adducts, after exposure 
to mutagenic chemicals (van der Oost et al., 2003), 
but no clear correlation of HPA and micronuclei was 
detected in this study. 
In conclusion, this study demonstrated that there 
is a gradient of sediments contaminations of metals 
related with urban and industrial activities in the sedi-
ment of urban coastal environment of Salvador city. 
Sampling point P10 with higher concentrations of Pb 
and Hg, situated near the deactivated chlor-alkali plant 
showed high frequency of micronucleus, with some 
metals concentrations that could cause adverse effects 
on aquatic organisms. The sampling points 1 and 2, 
far away for high population density and recent urban 
occupation, showed lower concentrations of metals 
in the sediment. It is important to point out that the 
erythrocytes micronucleus tests in erythrocytes of fish 
solved an important bioethical task of keeping fish alive 
under investigation, and reduce the pain and suffering 
of animal testing in ecotoxicological studies.
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